Wild-caught ballan wrasse Labrus bergylta are translocated en masse from the British south-west coast to Scotland for use as cleaner fish to tackle Atlantic salmon Salmo salar sea lice infestations; however, very little is known about the background health status of this species. This is the first health assessment of wild ballan wrasse from the British south-west. Wildcaught ballan wrasse (n = 75) from coastal populations of Dorset and Cornwall were subjected to a full health screen for viral, bacterial and parasitic infections and associated pathology. A range of metazoan and protozoan parasites were observed in histological sections, including copepods (sea lice Caligus centrodonti), nematodes, cestodes, digenean metacercariae, Cryptocaryon-like ciliates and an intestinal coccidian (Eimeria sp.) observed in 26.6% of the samples. The mycoplasma Acholeplasma laidlawii was associated with cytopathic effect in cell culture inoculated with tissue homogenates. The opportunistic pathogen Photobacterium damselae damselae was isolated from a single fish with a systemic infection. The isolate was confirmed to possess the virulence factors hlyA ch and plpV, previously associated with cell toxicity and pathogenicity to fish. There are no immediate concerns for the continued mass translation of ballan wrasse, however careful monitoring of the population is recommended.
INTRODUCTION
Atlantic salmon Salmo salar L. is an important and widely traded food source across the globe, with 70% of global production met by commercial farming. Supply of Atlantic salmon has increased by 384% since 1995, with a world production of 2248 t in 2016 (FAO 2018) ; however, production growth in recent years has dropped by 7% (Marine Harvest 2017) . The largest concern to the industry has been parasi tic sea lice, namely Lepeophtherius salmonis Krøyer and Caligus spp., estimated to cost the global industry £700 (~€ 950) million annually (Brooker et al. 2018b ). Widely used chemicals for the removal of lice, such as the orally administered emamectin benzoate, marketed as SLICE ® , and bath-administered hydrogen peroxide H 2 O 2 , are showing reduced efficacy (Jones et al. 2013 , Helgesen et al. 2015 , and in recent years attention has shifted to biological control using cleaner fish, in particular wrasse (Labridae spp.) and lumpfish Cyclopetrus lumpus L. (Brooker et al. 2018a) .
Ballan wrasse Labrus bergylta (Ascanius, 1767) in the North Atlantic are currently regarded as the preferred species of cleaner fish, with some Scottish salmon farming companies achieving close to complete control of sea lice infestations with ballan wrasse without the need for chemotherapeutants (Hempleman 2017) . Demand for ballan wrasse is largely met by wild-caught fish, although farming of cleaner fish has developed in the last 5 yr, with the production of 118 000 wrasse in the UK in 2016 (Munro & Wallace 2017) . Due to long generation times, wild-caught broodstock have been used exclusively in wrasse culture to date (Brooker et al. 2018b) , and as wrasse farming becomes more common, it is increasingly important to understand the health status of these wild populations which are either directly transferred for deployment on Scottish salmon farms or used as broodstock.
There is a risk of cleaner fish acting as vectors of disease, being asymptomatic carriers of bacterial, viral and parasitic disease agents (Rimstad et al. 2017 ). These threats may manifest following the stress of translocation, leading to mortality of cleaner fish stocks, but may also pose a risk through transmission to farmed Atlantic salmon that have not developed natural resistance via gradual exposure to these agents of disease. The risk of disease is not restricted to Atlantic salmon, as cleaner fish are known to escape from salmon farms and hybridise with local wrasse populations (Faust et al. 2018) ; thus, cleaner fish may also exert a disease threat to local species.
A number of diseases are known to be serious threats for both wrasse and salmon, but the level of risk they pose is often unclear. Aeromonas salmonicida is a bacterium that causes severe systemic disease globally in a range of fish hosts, with typical A. salmonicida causing furunculosis in salmonids. Although these typical strains have been isolated from wrasse cohabiting with infected salmon, disease in wrasse is dominated by atypical A. salmonicida strains, namely A-layer types V and VI. These remain genetically distinct from those that most commonly infect salmon (Gulla et al. 2016b ).
Viral haemorrhagic septicaemia (VHS) is a serious notifiable disease agent (OIE 2018) , with wrasse having suffered a mortality event associated with VHS virus (VHSV) genotype III (Munro et al. 2015) . Atlantic salmon are susceptible to VHSV, with low pathogenicity experimentally observed with a range of European genotypes (I−III), and an increased patho genicity when infected with genotype IVa (Lovy et al. 2013) .
Amoebic gill disease (AGD) affects both ballan wrasse and Atlantic salmon (Karlsbakk et al. 2013) and is caused by the same aetiological agent, Neoparamoeba perurans. The parasite has a low host specificity and as such there is a high risk of transfer between different host species, a finding which has been confirmed experimentally between lumpfish and salmon (Haugland et al. 2017 ). However, the parasitic and microbial fauna of wild-caught ballan wrasse is poorly understood, and the transmission risk to both salmonid and cleaner fish is unclear. This is particularly the case in south-west England, where an estimated 1 million wrasse, of mixed species, are caught every year, with the majority of these landings known to be ballan wrasse destined for use as cleaner fish in Scottish Atlantic salmon farms (Riley et al. 2017) . The aim of this study was to conduct the first health assessment of wild-caught ballan wrasse from south-west England, using a wide range of classical pathogen isolation techniques, molecular detection and metagenomic approaches.
MATERIALS AND METHODS

Sampling
Local fishermen provided 75 ballan wrasse fished from 3 sites on the south-west coast: Weymouth (n = 31) and Portland (n = 13) (Dorset population) and Falmouth (n = 31) (Cornwall population); the fish were delivered to the Cefas Weymouth Laboratory in September 2017. Fish were euthanised humanely according to UK Home Office procedures in compliance with the Animals (Scientific Procedures) Act 1986 (www.legislation.gov.uk/ukpga/1986/14/contents). Blood samples were collected and smears prepared. Gill arches were removed, and filaments were sampled for fresh microscopic examination and stained gill imprints. Gill samples were placed into saline for culture of eukaryotes. Kidney and spleen were swabbed for bacterial isolation. Gill arches and a pool of the kidney, spleen, liver, heart and brain were used for virology. Skin, muscle, intestine, kidney, spleen, liver, heart, gill and brain were fixed both in ethanol and 10% neutral-buffered formalin (NBF) for molecular and histological examinations. Eye and gonad tissue were taken solely for histological examination.
Histology
NBF-fixed tissue sections were transferred to 70% ethanol prior to processing and embedded in paraffin wax with the PELORIS II Premium Tissue Processing System (Leica Biosystems). Embedded blocks were sectioned at 3−4 µm thickness with a rotary microtome (Shandon Finesse) for haematoxylin and eosin (H&E) staining. Tissue sections were examined with a Nikon E800 light microscope and images captured using Lucia™ software. Following initial examinations, a selection of samples was re-cut for Giemsa, Gram and Ziehl−Neelsen stains for elucidation of protists and bacteria in tissues.
Bacteriology
Swabs were immediately streaked onto tryptic soy agar (TSA), sea water agar (SWA), defibrinated sheep blood (Oxoid) agar with 2% (w/vol) NaCl and thiosulfate-citrate-bile salts-sucrose agar (TCBS) (ThermoScientific). Plates were incubated at 15°C and observed daily for growth. Colonies of interest were subcultured onto SWA, for identification by cell morphology, Gram stain and TCBS growth screening. Selected isolates of interest where further characterised by 16S rRNA gene Sanger sequencing and enzymatic activities (API 20NE/20E kits, Bio-Mérieux).
Virology
During sampling, tissues were directly placed in 1:10 transport media (Glasgow's MEM, supplemented with 10% foetal bovine serum, 200 IU ml −1 penicillin, 200 µg ml −1 steptomycin and 2 mM Lglutamine) and were homogenised and clarified by centrifugation for 15 min at 2500 × g. Homogenates were inoculated at 1:100 and 1:1000 dilution onto 48well tissue culture plates (Falcon, BD Biosciences), with 3 different fish cell lines: epithelioma papulosum cy pri ni (EPC) (ATCC ® : CRL-2872™), chinook salmon embryo (CHSE-214) (ATCC ® : CRL-2872™), fathead minnow (FHM) (ATCC ® CCL-42™), SSN-1 (ECACC 96082808) and bluegill fibroblast (BF-2) (ATCC ® : CCL-91™). Inoculation of BF-2 was run in duplicate, with a supplementary infectious pancreatic necrosis virus (IPNV) neutralizing antisera (polyclonal goat anti-serotype Sp IPNV serum; Harlan Sera-lab). Samples were incubated at 15°C for 14 d and regularly examined for cytopathic effect (CPE). Monolayers were blind-passaged onto fresh cells for a further 14 d of incubation.
Samples showing CPE were filtered to 0.2 µm with a Ministart ® NML syringe filter (Sartorius), and filtrate was reinoculated onto fresh cell monolayers. Viral nucleocapsid was extracted from the supernatant of the cells showing CPE as described below and subjected to further molecular analysis (reverse transcription [RT-]PCR).
Gill health examination
A gill arch from each fish was placed in 10 ml sterile sea water and then transferred to a sterile petri dish for incubation at 18°C, with regular observation for amoebas and other protists; selected samples were subsequently cultured on malt yeast agar (MYA). DNA was extracted from the cultures for amplification and Sanger sequencing of 18S small subunit (SSU) rRNA with primers ERIB1 and ERIB10 (Table 1) .
DNA and viral nucleocapsid extraction
DNA extractions were performed using either the EZ1 extraction robot or the QIAamp ® Investigator BioRobot ® (Qiagen) following the manufacturer's instructions. Tissue samples were diluted to a 1:10 mass to volume ratio in digestion buffer G2 (when using the EZ1 robot) or ATL (when using the Bio Robot) and homogenised with glass beads in a FastPrep ® -24 Classic (MP Biomedicals), before 10 µl of Proteinase K were added and samples were incubated at 56°C for 3 h. DNA was eluted in 60 µl of elution buffer.
Following pathological screening, selected gill tissues had DNA extracted from formalin-fixed, paraffinembedded tissue with the FFPE Tissue Kit (Qiagen), following the manufacturer's protocol, with DNA eluted in 30 µl ATE buffer.
An EZ1 Virus mini kit (Qiagen) was used for viral nucleocapsid extraction from tissues and inoculated cells, with RNA eluted in 60 µl of elution buffer.
Molecular detection of pathogens
RT of viral nucleocapsid was performed by incubation at 70°C for 2 min, be fore 200 units M-MLV reverse transcriptase (RTase)were ad ded for an additional hour at 37°C. The total 20 µl reaction volume consisted of M-MLV RTase with M-MLV RTase 5× reaction buffer, 1 mM dNTP mix, 500 ng random primers, 25 units RNasin ® Ribonuclease In hibitor (Promega) and 4 µl of extracted viral nucleic acid.
PCR was performed in a 50 µl reaction volume consisting of 1× green GoTaq ® flexi buffer, 2.5 mM MgCl 2 , 1 mM dNTP mix, 1.25 units of GoTaq ® G2 Hot Start Polymerase (Promega), 50 pmol of each forward and reverse primer (Table 1) , 2.5 µl of either DNA or cDNA. After an initial denaturing step of 5 min at 95°C, samples were subjected to 35 cycles of 1 min at 95°C, 1 min at 55°C, 1 min at 76°C, followed by a final extension step of 10 min at 72°C in a PTC-225 Peltier thermal cycler (MJ Research). Amplified products were held at 4°C until being resolved on a 2% (w/v) agarose/TAE gel (40 mM Tris-acetate, pH 7.2, 1 mM EDTA, 1.0 µg ml −1 ethidium bromide) at 120 V, 400 mA and visualised under UV irradiation using the Gel Dox Imager XR+ (Bio-Rad), with images captured by Quantity One 1-D Analysis Software (Bio-Rad).
Coccidian-specific primers (CoF and CoR; Table 1 ) were designed for the amplification of a 580−649 bp fragment of coccidian 18S SSU rRNA by multiplesequence alignment of published coccidia sequences ( CoF and CoR primers were also used for generation of digoxigenin (DIG)-labelled probe (Roche) for in situ hybridisation (ISH). Tissue sections from a Weymouth and Falmouth fish were mounted on polylysine-treated slides (Sigma-Aldrich), with ISH performed as previously described (Cano et al. 2009 ). Briefly, permeabilisation of sections with Proteinase K (100 µg ml −1 , Promega) for 30 min at 37°C, the probe was denatured at 95°C for 5 min prior to overnight hybridisation at 42°C. Tissue sections were blocked with 6% (w v −1 ) skimmed milk (Sigma), and NBT/BCIP (Roche) was used for detection of the hybridisation signal, prior to counterstaining of nuclei with Nuclear Fast Red (Sigma).
ISH was also performed for confirmation of the bacterial infection identified by PCR and Sanger sequencing, using a DIG-labelled probe of partial 16S rRNA with the primers S-D-Bact-0008-a-S-20 and S-*-Univ-0536-a-A-18 (Table 1) . The PCR reaction for the probe labelling was conducted as described above.
PCR amplifications of FFPE-extracted gill tissue were performed using the set of primers P1/NC2 and P1/S15 targeting the second internal transcribed spacer (ITS-2) of Cryptocaryon; the generic primers 18E/18G; and 384F/1157R, specific for ciliates, both assays targeting the 18S rRNA gene (Table 1) .
AGD and Aeromonas salmonicida quantitative PCR (qPCR)
A qPCR assay targeting the 18S rRNA gene of Neoparamoeba perurans, which causes AGD, was run in duplicate with DNA extracted from 45 fish gill arches preserved in ethanol. Primers and probe (Table 1) were run with assay conditions as described previously (Fringuelli et al. 2012 ).
In addition, a qPCR assay targeting the A-layer (vapA) gene of all known strains of A. salmonicida was run in duplicate for a subset of the population with DNA extract of kidney and spleen tissue from 48 fish. qPCR reactions were run with assay conditions as described previously (Gulla et al. 2016a ).
PCR Sanger sequencing
Following PCR amplification, gel fragments for sequencing were excised under a UV transilluminator and purified using spin modules (MP Biomedicals).
Sequencing was completed with the BigDye ® Terminator v3.1 Cycle Sequencing Kit (Ap plied Biosystems) following the manufacturer's recommended procedure. Sequence analysis was performed with the ABI 3100 Avant Genetic analyser (Ap plied Biosystems) and Sequencher software (Gene Codes). Sequence similarity was determined by BLASTn (NCBI nt database March 2018; Altschul et al. 1990 ) and the Ribosomal Database Project (RDP Release 11, Update 5). The phylogenetic tree was generated from 100 bootstrap replications of the Tamura-Nei model based on partial deletions in MEGA v7.
Illumina MiSeq next-generation sequencing (NGS)
A bacterial isolate was selected for high-throughput sequencing. Sequencing libraries were prepared with Nextera XT kits (Illumina) and sequenced at Cefas by Illumina MiSeq using the 2× 300 bp pairedend protocol (following the manufacturer's recommended procedures).
Bioinformatics
Analysis of the sequenced bacterial culture was performed using a Linux virtual machine on the MRC CLIMB cloud computing infrastructure (Connor et al. 2016 ). Read quality was assessed using FastQC v0.11.7 (Andrews 2010), and Trimmomatic v0.36 (Bolger et al. 2014 ; default parameters) was used to remove adaptor sequences and low-quality bases. De novo assembly of paired and unpaired reads was performed with SPAdes v3.9.0 (Bankevich et al. 2012) and Unicycler v0.4.4 (Wick et al. 2017) .
The genome was annotated using Prokka v1.13.3 (Seemann 2014) . Kraken v1.0 was used to check for potential contaminants in the sequencing library (Wood & Salzberg 2014) . BUSCO v3.0.2 was used to check the completeness of the genome (Waterhouse et al. 2018) . The OrthoDB v9 (Waterhouse et al. 2013) , customised for Gammaproteobacteria and avail able through the BUSCO website (https:// busco. ezlab. org/), was used together with BUSCO v3.0.2 to assess the completeness of the genome.
Multilocus sequence typing (MLST) was carried out using a recently published scheme for Photobacterium damselae (Alba et al. 2016) . Existing and novel alleles for each of the 6 housekeeping genes were identified using mlst v2.10, which itself makes use of the PubMLST database (Jolley & Maiden 2010) . Sequen ces from each gene were then concatenated, resulting in a total alignment of 2739 bp. All isolates whose details were published along with the original scheme were included in the concatenated alignment (Alba et al. 2016) , as well as any genome on NCBI which included suitable metadata. A phylogenetic tree was constructed using FastTree v2.1.10 (Price et al. 2010 ).
RESULTS
Gross observations and histopathology
All fish observed during sampling were in a good, healthy condition with no clinical signs of disease (Table 2) . Sea lice attached to the skin were ob served on 21.3% of fish examined from both populations (Dorset and Cornwall), with the Cornwall population having the higher prevalence and infection intensity (38.7% in Cornwall versus 9% in Dorset); these were morphologically identified as Caligus centrodonti (Fig. 1A) . The most prevalent parasite stages observed in tissue sections were eimerian sporocysts ( Fig. 1B−D) infecting intestinal epithelial cells in 26.6% of all fish analysed. We also observed nematodes ( Fig. 1E ) and associated granulomas (Fig. 1F) in the liver and intestine in 16% of fish, and copepods on the gills (Fig. 1G ) in 25.3% of fish. In addition, cestodes were found in the intestine in 4% of fish, and digenean metacercariae, Trichodina sp. and Cryptocaryon-like ciliates were also seen ( Fig. 1H) .
Eimeria sp. infection
No significant inflammatory response was associated with the presence of coccidian sporocysts in the intestine (Fig. 1B−D) . PCR amplification and se quencing of 5 infected samples with coccidian pri mers (CoF, CoR) targeting the 18S SSU rRNA yielded a 596 bp consensus sequence. Nucleotide sequence similarity searches showed that this sequence is high ly similar to sequences of Eimera spp. previously reported in fish (ranging from 93 to 98% similarity). Furthermore, phylogenetic analysis placed this species in a clade containing Eimera spp. (Fig. 2) . Se quence data were submitted to GenBank under ac ces sion number MK397509.
ISH successfully labelled the parasite stages in the intestine (Fig. 1C,D) and confirmed the extent and intensity of infection, with sporocyst-filled oocysts observed in the intestine sections. A few oocysts were also observed in the intestinal lumen.
Cryptocaryon-like gill infection
Histology revealed a fish infected by 4 ciliated parasites within 2 neighbouring gill lamellae (Fig. 1H) . From their morphology, they were tentatively described as Cryptocaryon-like ciliates at the trophont stage of their life cycle. Ciliates were embedded with in the gill tissue and were associated with localised cellular necrosis.
Attempts to sequence a PCR product from the ciliate using Cryptocaryon-specific, ciliate-specific and generic 18S primers were unsuccessful from either gill tissue preserved in ethanol or extracted from gill embedded in a paraffin wax block.
Isolation of Photobacterium damselae damselae
Bacterial culture plates were monitored daily for colony growth, with significant observations recorded. A total of 125 isolates were collected for characterisation, with 13 isolates identified by 16S sequen- (3), Allivibrio (4), Pseudoalteromonas (2), Flavobacterium (1) and Photobacterium (3). Aeromonas salmonicida was not isolated from any culture plates. A modified qPCR assay for A. salmonicida was tested with typical and atypical strains (5b2, 5b4, 6) as positive controls. The assay was negative for 48 selected samples of pooled kidney and spleen. A single fish revealed a systemic infection (Fig. 3) , with non-acid-fast, Gram-negative ba cilli (Fig. 3B ). Pathological changes associated with the bacterial infection included lymphocytic infiltration in the intestine, splenic ellipsoids and interfollicular inflammation of the ovary. Relatively low numbers of Gram-negative bacilli were associated with significant inflammation and necrosis. Connective tissue associated with the kidney and adipose tissue of the intestine both revealed an active infection, with large masses of bacteria bordered by nec rotic cells and a large inflammatory response involving degranulation of granulocytes (Fig. 3A) . Blood smears revealed numerous bacteria of the same morphology, and vascular accumulation of bacteria in the intestine was observed.
Heavy bacterial growth of a single prominent colo ny type was observed on all bacteria culture plates from kidney and spleen swabs from this single fish. Three colonies were selected from SWA for further testing, revealing a Gram-negative bacillus with an API 20NE profile (1340204) with 99.6% identity to Photo bacterium damselae. Following 16S rRNA am plification, sequencing and assembly was performed to generate a 1432 bp consensus sequence (Gen-Bank ac ces sion number MK064503). BLASTn searches and RDP analysis confirmed that this sequence was highly similar to P. damselae (99% similarity) ( Fig. S1 in Supplement 2 at www. int-res. com/ articles/ suppl/ d136p133_ supp2. pdf). A tree based on con catenated sequen ces from the glycerol uptake facili tator protein (glpF ), DNA gyrase subunit B (gyrB ), methionine-tRNA liga se (metG ), NAD(P) transhydrogenase subunit alpha (pntA), dihy dro orotase (pyrC ) and cholera toxin transcriptional activator (toxR) genes was constructed, which included all isolates from the damselae subspecies, as well as being rooted by 3 isolates from the piscicida subspecies (phylogeny tree in Fig. 4 , metadata in Table. S2 in Supplement 1). The isolate from ballan wrasse grouped with other isolates from the damselae subspecies, with subspe cies identification confirmed by positive re sults for the biochemical tests API20NE (Es sam et al. 2016): gas production from glucose, nitrate reduction to nitrite, urease production and observed green colony growth on TCBS agar and weak haemolysis on blood agar.
The full genome sequence was 4.40 Mb in length and was predicted to contain 3801 protein-coding sequences. The assembled sequence da ta were uploaded to NCBI's Whole Genome Sequence database and pub lished under accession GCA_004794735.1, whilst the raw data were uploaded to the Single Read Archive under accession SRR8447033. BUSCO was used to confirm that 98.9% of the core housekeeping genes associated with Gammaproteobacteria were present within the genome (447 complete BUSCO groups out of a total of 452 included within the database). The isolate was not in possession of the highly virulent pPHDD1 plasmid; however, genes for the chromosomally encoded toxins haemolysin (hlyA ch ) and phospholipase-hemolysin (plpV) (Rivas et al. 2011) were identified. ISH performed on tissue sections from this fish confirmed the presence of the isolated P. damselae showing strong hybridisation signal in the necrotic regions of kidney serosa and intestinal adipose tissue (Fig. 3C,D) . ISH also confirmed the presence of low numbers of bacteria in the spleen, ovary and heart.
Virology results and identification of mycoplasma Acholeplasma laidlawii
No viral pathogens were isolated by cell culture from any sample, although CPE was observed in the second blind passage of EPC cells from 28 samples (18%). CPE was sporadically observed across both the Cornwall and Dorset populations, with no discernible trend. RT-PCR analysis of these samples yielded no amplification with generic primers for species in the genera Novirhabdovirus and Aquabirnavirus, while generic primers for Iridovirus and Vesiculovirus produced multiple bands of varying molecular weight for each sample. Bands of similar molecular weight to expectations were sequenced, and all were identified as a mixture of cyprinid host DNA and Acholeplasma laidlawii, a bacterial mycoplasma. RT-PCR confirmed that VHSV was not present in the sampled population subset.
Original sample homogenates were filtered at 0.2 µm to remove mycoplasma and reinoculated on EPC cells. No CPE was observed after blind passage for any sample.
In vitro culture of gill ciliates
Fresh gill imprints taken and examined during sampling did not reveal any amoebas in the population, and isolation of amoebas was also unsuccessful. A qPCR assay was not able to detect the presence of N. perurans in gill tissue from a random selection of half of the population samples (n = 45). During attempted amoeba isolations, large numbers of fast-moving ciliates with matching characteristics and an ellipsoid morphology of approximately 30 × 14 µm, were observed in 13 fish from the Cornwall population (42%). PCR amplification and se quencing of the 18S SSU rRNA from 2 samples yielded a 681 bp consensus sequence with 100% sequence identity, according to BLAST, with Pseudo cohnilembus persalinus. Histology gill sections of affected fish did not reveal the presence of any ciliates with matching morphology, and no significant pathological changes to the gills were noted.
DISCUSSION
The wild capture of ballan wrasse from the UK is an emerging fishery fuelled by the requirement for cleaner fish, with total reported landings of wrasse estimated to have increased by 368% over the last 6 yr (Riley et al. 2017 ). However, data on wrasse capture is minimal, and many landings go unreported or under generic 'demersal fish' labels. The health status of these wild populations is relatively 142 I.a
I.b
Piscicida Damselae 0.005 Fig. 4 . Phylogenetic tree of the concatenated sequences of glycerol uptake facilitator protein (glpF ), DNA gyrase subunit B (gyrB), methionine-tRNA ligase (metG), NAD(P) transhydrogenase subunit alpha ( pntA), dihydroorotase ( pyrC ) and transmembrane regulatory protein (toxR) genes of Photobacterium damselae subspecies. Red arrow highlights the ballan wrasse P. damselae damselae isolate. Associated metadata can be found in Table S2 in Supplement 1 unknown, and as such the transfer of possible salmonid and labrid pathogens and parasites is currently un check ed.
We identified multiple parasites, including nematodes and cestodes in the digestive tract, nematodes and digenean metacercariae in the liver and ciliates and copepods in the gill. None of these parasites appeared to pose a significant health threat, since only minimal pathological changes were evident. However, heavy infections of ectoparasites under culture conditions might compromise osmo regulation (Feist & Longshaw 2008) .
The sea louse Caligus centrodonti was visually identified on the surface of 20% of the sampled ballan wrasse. This is a known wrasse specialist, and transfer to salmon does not occur (Bron & Treasurer 1992) . However, as a parasite of all 5 wrasse species that occupy the British Isles (Treasurer 1997) , the continued unintended introduction of C. centrodonti to Scottish waters may increase transfer to wild wrasse populations. There is also a potential risk of transferring C. centrodonti from wild-caught wras se broodstock to hatchery-reared juveniles. Close monitoring and treating incoming broodstock is advised (Powellet et al. 2018) .
The ciliated Cryptocaryon irritans is the causative agent of marine whitespot for a range of marine fish species, invading the skin, gills and eyes, resulting in epithelial hyperplasia and respiratory difficulties (Colorni & Burgess 1997) . None of the reported gross clinical signs associated with marine white spot were noted in the fish in this study, which presented low numbers of Cryptocaryon-like ciliated parasites.
Generally, Cryptocaryon does not cause heavy infections in the wild due to low host density but is recognised as a significant problem in aquaria, where infection spreads quickly (Colorni & Burgess 1997) . Therefore, in an intensive hatchery rearing environment, more susceptible juveniles could be at a high risk of infection where theronts can quickly spread to new hosts.
Eimeria sp. coccidians are considered ubiquitous parasites of fish gut epithelium (Molnár et al. 2012) . Histopathological screening revealed focal infections of intestinal epithelial cells with coccidian parasites in 20% of sampled fish. Coccidian parasites have previously been reported in the family Labridae, but as far as we are aware not in ballan wrasse. E. banyulensis was isolated from goldsinny wrasse Ctenolabrus rupestris on the French Mediterranean coast (Daoudi 1987) , and a heavy unidentified coccidian infection of the intestinal epithelium was identified in a single cuckoo wrasse Labrus mixtus, originating from the Scottish west coast (Gibson 1995) . Little tissue disruption was observed in this cuckoo wrasse, with only minor changes to the immediate surrounding area of cysts. This mirrors the current findings in ballan wrasse, with no significant pathological chan ges noted. However, intestinal tissue sections from all sampled fish had high numbers of eosinophils, which are associated with responses to parasitic infections (Alvarez-Pellitero 2008). Phylogenetic ana lysis of the 18S SSU rRNA consensus sequence re veals that this coccidian sits firmly within the Eimeria genus, although it is apparent that this sequence remains distinct from previously reported Eimeria species. Due to divergence from known coccidian sequences, lack of previous reports in ballan wrasse and the known host-specific nature of coccidia, we consider this coccidian to be a likely new species of the genus Eimeria. ISH confirmed that the identity of observed coccidia matched the obtained 18S se quence in fish from both the Dorset and Cornwall populations. These protists show a high degree of host specificity and have a monoxenous life cycle (Wiedmer et al. 2017) ; therefore, the risk of infecting cocultured salmon is very low. However, it is un known how the infection will affect the wrasse population under farming conditions.
Although Photobacterium damselae damselae is considered autochthonous and a normal constituent of aquatic ecosystems, some strains are recognised as opportunistic pathogens in aquaculture, causing haemorrhagic septicaemia and skin ulcers in a wide range of marine fish species at warm water temperatures (Pedersen et al. 2009 , Labella et al. 2011 , Rivas et al. 2013 . Zoonotic potential through wound exposure in both healthy and immunocompromised patients has been occasionally reported for some strains (Rivas et al. 2013 ).
In the present study, P. damselae damselae was isolated from a single fish in one of the most southern waters of the UK during the warmest average water temperatures of the year, approximately 17°C (Cefas 2012) . To our know ledge, this is the first report of P. damselae damselae isolation in ballan wrasse. The MLST scheme (Fig. 4) placed the ballan wrasse isolate in the subcluster I.a, which includes P. damselae damselae isolates from other fish species, including rainbow trout Oncorhynchus mykiss and Japanese pilchard Sardinops melanostictus. The phylogeny analysis showed that this strain constitutes a novel type of P. damselae damselae. Moreover, bioinformatic analysis of this strain re vealed that it does not possess the highly virulent pPHDD1 plasmid, or the plasmid-coded phobalysin P (PhylP) and damselysin (Dly) toxins (Rivas et al. 2011 (Rivas et al. , 2013 . The alternative chromosome-encoded toxins, phobalysin C (PhylC) and novel phospholipase of Vibronaceae (PlpV), have been recently described as virulence factors, responsible for pathogenic potential in non-pPHDD1 harbouring strains, causing haemolysis and virulence in sea bass Dicentrarchus labrax (Vences et al. 2017 ). Both of these chromosomally encoded toxins were present in this strain, as shown by the presence of genes hlyA ch and plpV. Further work therefore is needed to determine its prevalence within wild ballan wrasse populations, and potential risks to cultured Atlantic salmon at cooler Scottish temperatures.
The mycoplasma Acholeplasma laidlawii was identified in cell culture inoculated with wrasse tissue homogenates. Despite being reported as a bacterial mycoplasma contaminant of cell cultures (Low 1974) , the irregular nature of cases, spread over 2 separate population groups that were processed weeks apart, suggests that the mycoplasma likely originated from wrasse. A. laidlawii has been reported in multiple fish species, but it is thought to be a non-pathogenic microorganism (Francis-Floyd et al. 1998) . Filtration removed all mycoplasma infection, and no CPEs were observed. However, some viruses, such as those in the family Iridoviridae, can have a diameter greater than the 220 nm filtration size used (Jancovich et al. 2012) , and therefore it is possible that an underlying virus causing original CPE was filtered out from the re-inoculation. In future virology studies of ballan wrasse, it should be noted that mycoplasmas could be present and capable of producing misleading results.
No amoebae were isolated from fish gill samples in sterile sea water, but high numbers of fast-moving ciliates were cultured from 42% of sampled ballan wrasse from Cornwall. Molecular identification showed these to be Pseudocohnilembus persalinus, a type of free-living scuticociliate that will feed on microorganisms such as bacteria, although under certain conditions, it may initiate feeding on host organism cells and tissues as an opportunistic pathogen (Xiong et al. 2015) . One such species has been reported to cause scuticociliatosis in olive flounder Paralichthys olivaceus (Kim et al. 2004 ). However, a challenge trial in olive flounder resulted in low mortality with no pathological changes (Song et al. 2009 ). The ciliate has also been isolated from the ovarian fluid of mature and healthy freshwater rainbow trout, in which it exhibited an endosymbiont relationship (Jones et al. 2010) . As no associated pathology was observed in the sampled ballan wrasse, we predict an endosymbiont relationship is also present.
Neither of the pathogenic agents Aeromonas salmonicida or Neoparamoebae perurans were isolated from sampled fish; however, due to the severity of each disease and the possible cross-species transmission risk, qPCR assays for A. salmonicida and N. perurans were used to show that no low-lying infections were present in a subset of the population tested.
In summary, the wrasse sampled in the present study, despite harbouring a number of parasites, were in a healthy condition, and no listed disease agents were detected. Consequently, there are no immediate concerns for the continued mass translocation of wild-caught ballan wrasse from the southwest of England to Scottish Atlantic salmon farms. However, the dynamic nature of disease occurrence in fish populations and the continued trade in wrasse species require careful monitoring of these species (Peeler & Feist 2011) . We did discover a potential threat in the isolation of P. damselae damselae as an observed cryptic infection. Further studies are planned to investigate the virulence of this isolated strain to both ballan wrasse and Atlantic salmon. The parasites identified in this population were not associated with any serious pathological changes, but they may pose a threat to juvenile wrasse, in particular C. centro donti, Cryptocaryon-like and Eimeria spp. It is very difficult to predict how transfer of parasitic fauna will affect community structure, both directly and indirectly (Prenter et al. 2004) , so careful monitoring will be needed during the continued mass translocation of wrasse.
